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PREFACE 



Reports from Australia in the early 1940’s suggested that congenital malforma- 
tions occurred in seriously high frequency amongst infants whoso mothers had 
had rubella in the early part of their pregnancy. 

Those findings aroused world-wide interest. In this country it was decided 
that an attempt should be made to ascertain, firstly, the frequency with which 
the birth of a malformed child followed an attack of rubella or certain other 
virus diseases during pregnancy and, secondly, the extent to which the occurrence 
of these diseases during pregnancy increased the normal hazard of bearing a 
defective child. To this end a prospective enquiry on a national scale was designed 
by the General Register Office, the Ministry of Health and the Department of 
Health for Scotland and sponsored by the Society of Medical Officers of Health. 

All the medical officers of local health authorities throughout England, 
Scotland and Wales took part. From 1950 onwards they selected the appropriate 
virus infection cases together with a large series of control cases, and obtained 
the required information about the expectant mothers and their inlants. Their 
generous co-operation made it possible to carry out the survey on a large scale, 
and the number ol' completed cases and controls under review, 7,230, and the 
general high standard of reporting give an indication of the skill and pertinacity 
with which the licld work was performed. In this they have earned the gratitude 
of their fellow citizens. The information obtained by the medical officers of 
health was analysed and studied in tire Ministry of Health and the General 
Register Office. The report which follows embodies the conclusions to be 
drawn therefrom. 

Two important features of the report arc (a) the demonstration that the risk 
of rubella in early pregnancy leading to the birth of a malformed infant is very 
much less than the original observations indicated but (/>), that the occurrence 
of deafness should be specially looked for in all children born of rubella mothers, 
and that such children should be kept under medical observation until the 
possibility of a hearing defect can be excluded. 

The other virus infections studied did not have the same deleterious cifccts 
on the foetus as did rtibella occurring in the lirst trimester. 

While it is apparent that the consequences of rubella infection during 
pregnancy do not constitute a major factor affecting the public health the 
effects may be grave for certain infants, though some of the defects such as 
cataract and congenital deformities of the heart are now amenable to surgery. 
Other infants manifest some degree of hearing defect ranging from severe to 
very slight. But the majority of infants born to mothers who have rubella during 
pregnancy, even in the curly months, apparently do not suffer any harm. 

J. A. Charles 

Ministry of Health, 

London. 

July, i960. 
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I. INTRODUCTION 



“In the liust half ol' the year 1941 an unusual number of cases of congenital 
cataract made their appearance in Sydney. Cases of similar type which appeared 
during the same period have since been reported from widely spread parts of 
Australia. Their frequency, unusual characteristics and wide distribution 
warranted closer investigation”. So Dr. Norman Gregg opened an address in 
1941 in which attention was drawn for the first time to an association between 
maternal rubella and congenital malformations. 

Gregg‘s reviewed a scries of 78 infants from different parts of Australia who 
had congenital cataract of a peculiar type, usually bilateral and obvious tiom 
birth as dense white opacities occupying the pupillary area. In his opinion this 
appearance did not exactly correspond to types of cataract previously described. 
Most of the infants were small, ill nourished and difficult to feed; 44 ot them 
suffered also from a congenital defect of the heart. 

The similarity of the eye defects, the frequency of the accompanying heart 
defects and the widespread goograpliioal incidence of the cases suggested that 
titcy were the result of some constitutional condition of a toxic or infective 
nature, rather than of a purely developmental defect. The early period ol preg- 
nancies under review corresponded with the peak of a very widc.sprcad epidemic 
of rubella in Auslralitt in 1940. Enquiries into the medical hislory of the mothers 
during the early months of prcgnaticy revealed that all but 10 gave a history 
of mbcila, usually during Ihc first or second month of pregnancy. 'I’licre was 
also a high incidence of primiparae in the group and these were women who 
were thought to he most likely lo be exposed to and infected with nibella. One 
tvoman gave a history of a severe attack ol rubella three nionlhs bcloie her 
pregnancy. 

Gregg believed llial Ihe rubella of Ihc 1940 epidemic in Australia differed 
greatly from the usual virus infection of thitl name. It was much more severe 
and was frequcnlly accompanied by severe complications. He also mentioned 
the occurrence, during the same period, of epidemics of sore throat, first in 
military camps and later spreading to Ihc civilian population. 

Shortly after Gregg’s pronouncement two large-scale investigations were 
carried out in Australia. In Southern Australia Swan and his co-workers began 
in 1942 their cxlensive work in the field. In New South Wales a Committee 
which included Gregg himself, was appointed in 1944 by the Director Gcneial 
of Health to investigate Gregg’s observations. These investigations conlirincd 
and amplified the original findings. 

The New South Wales Committee® reported that of 180 congenitally defective 
children a history of maternal rubella had been revealed in 130 cases and came 
to the following conclusions: 

“1. That the maternal infection was rubell bly an increase in the 



virulence of the organism. 
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2. That cases of congenital defects following maternal rubella during preg- 
nancy had occurred previously to 1940, but the relationship between maternal 
infection and the congenital defect or defects had not been recognised. 

3. That it is impossible to estimate the number of pregnant women and 
subsequent children affected as a result of the epidemic of 1 940. 

4. That apparently children are not affected when the maternal infection 
occurs after the fourth month of pregnancy. 

5. That the defects noted have been deaf mutism, eye and heart disease, 
and possibly mental defectiveness, and that the first three defects may occur 
singly or in any combination. 

6. That there is no relationship between the severity of the maternal infection 
and the nature of the defect in the child. 

7. That if the maternal infection occurs after the second month of pregnancy 
there is less likelihood of eye disease occurring in the child. 

8. That a large number of the affected children are below normal average 
birth weight. 

9. That the majority of the children arc below average weight for age and 
that they show a degree of microcephaly and their general physique is generally 
below standard. 

10. That many of the children are lalc'in sitting up and walking and difficulties 
m feeding are common. 

11. That during the first few years of life, signs of general instability of the 
nervous system of the children are common to most of them. 

12. That the deafness Is not absolute and the apparent improvement in 
healing about the second half of the fourth year is secondary to improvement 
m the power of concentration at this period. 

13. That the main dental abnormality is retardation of eruption, but that 
at three and a half years all the children had a full complement of teeth. 

14. That very few of the children are mentally defective though many are 
mentally retarded, but that the majority of the cliildren are educable and will 
be fit to earn their own living, following appropriate education. 

15. That there is no evidence to show that the occurrence of rubella during 
pregnancy has any harmful effects on the mother”. 

Swan, et. published a series of papers giving the results of their 

inve.stigations in Southern Australia. Aitogelher, 120 defective cliildren wore 
investigated and in 101 cases rubella had occurred during pregnancy. 

In the majority ot cases rubella had occurred within the first four nionlhs of 
pregnancy and there was some evidence that the type of defect was related lo 
the time when rubella occurred. Heart and eye defects were most common when 
rubella occurred in the first and second months, and hearing defects when 
rubella had been in the second and third months. The rubella children showed 
abnormalities in the following frequencies: microcephaly, 62 cases; heart 
disease, 52 cases; deaf-niutism, 48 cases (one child suffered from deafness only); 
cataiact, 18 cases (12 bilateral, six unilateral); mental deficiency, five cases; 
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strabismus, four cases; cryptorchidism, four cases; inguinal hernia, three cases; 
spina bifida occulta, three cases; high-arched palate, three cases; and a con- 
siderable number of other defects occurring in one or two cases only. 

In the 1943 paper^ it is stated that, “On the available evidence, when a woman 
contracts rubella within the first two months of pregnancy it would appear that 
the chances of her giving birth to a congenitally defective child are in the region 
of 100 per cent, and if she contracts rubella in the third month they are about 
50 per cent, . . . there is still a slight likelihood that the child will be congenitally 
defective if rubella is contracted after the third month of pregnancy”. In 1946, 
having found three cases of maternal rubella in the first two months (one in 
the first and two in the second) followed by normal children, the authors 
conceded that, “it is possible that rubella in early pregnancies is not invariably 
followed by congenital defects in the child”. They also came to the conclusion 
that the epidemic disease of 1 940 really was rubella, although of a severer type 
than usual. 

Following the publication of the original Australian accounts of an association 
between maternal rubella during pregnancy and subsequent congenital defects 
in the child, observers in other countries, notably America, England, Sweden 
and Holland, reported somewhat similar findings. 

The original Australian workers and later observers approached the subject 
from different viewpoints, according to their own speciality or in a more general 
way. The opthalmologist investigated the maternal histories of blind children 
as Gregg himself did, the otologist started with deaf children, e.g., Carruthers 
in Sydney”, the cardiologist with children with congenital heart disease, e.g., 
Dogramaci and Green, U.S.A.’; the statistician started with the annual national 
rales of malformation, e.g., Lancaster, Australia”’ “. Others collected information 
about all kinds of malformed children. 

In England, Claylon-.loncs*'', made a study of deaf children, by means of 
questionnaires which were sent to the mothers of children in deaf schools. 
Out of 141 cases 19 mothers gave a history of rubella during pregnancy, which 
in ail cases had been within the first four months. 

It is not necessary to record here the individual cases reported and it is 
impossible to do justice to all the detailed studies. An excellent account of the 
evidence produced up to the time of its publication is given by Swan in his 
prize essay “Rubella in Pregnancy as an Aeliological Factor in Congenital 
Malformated Still births””^. Another comprehensive and erudite review was 
published by Wesselhoeft'®. it is, however, pertinent to the purpose of this 
paper to consider the methods used in carrying out these studies. 

Practically all the evidence adduced by the early Australian workers and 
their immediate followers in the field was obtained by retrospective methods. 
They started with malformed children and then questioned the mothers about 
the occurrence of rubella during their pregnancies. Such investigations produced 
valuable information about the association between maternal rubella and certain 
types of malformation but they could not give an accurate estimate of the 
frequency with which rubella caused these malformations, nor indicate how 
much more a mother who had rubella during her pregnancy was likely to have 
a malformed child than she would be in the normal course of events. The 
original estimations of this risk were much exaggerated since they were based 
only upon consideration of the malformed children resulting from pregnancies 
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complicated by rubella, insufficient consideration being given to the children 
who were born normal. A fair estimate of the risk could only be obtained by 
adopting a prospective technique, i.e. by observing, in the first instance, tlm 
attack of rubella in a pregnant woman and subsequently examining her off- 
spring. Yet Swan in his prize essay of 1949 made the following statements, A 
survey of the available evidence shows that the risk of a mother giving birth to 
a child with congenital anomalies following the contraction of rubella in the 
first 4 months of pregnancy ranges from 83-2 per cent in the first month to 
61-1 per cent in the fourth month, with an average of approximately 74-4 per 
cent, whereas in the last 5 months of gestation the risk ranges from 1 1 
cent to 29-2 per cent with an average of approximately 22-8 per cent”. 

Nor could such retrospective enquiries be relied upon to produce accurate 
maternal histories. The diagnosis of rubella was based on the mothers state- 
ments. A woman questioned some years after a particular pregnancy would find 
it difficult to remember an attack of rubella, which at the time might have been 
merely a minor upset, still more to recall accurately the time in that pregnancy 
when such an illness had occurred. There is, too, the possibility that the mother 
of a malformed child, in her anxiety to find a cause for the malformation will, 
when the suggestion is made to her, remember some slight illness during her 
pregnancy and identify it as rubella. 

Many studies of investigations by the prospective method, starting with a 
woman known to have had rubella during her pregnancy, have been published. 

Fox and Bortin of Milwaukee, U,S.A.‘“, reported such a study. During 
1942-43 and 1944, 22,226 cases of rubella were reported to the Public Health 
Department. Of 152 married women who were investigated 11 had rubella 
during a pregnancy. Only one case suggested a coincident or direct involvement 
from the disease. Rubella occurred in the first tnonth and the mother had a 
hydrocephalic still birth. Of the 10 other cases, in four rubella occurred in the 
first two months, in four during the second to fourth month, in one in the 
seventh month and one in the ninth month. This gave a completely different 
picture from the Australian findings and suggested that the risk of rubella 
producing congenital defects was not so great as had been alleged. The writers 
concluded that rubella in pregnancy was not, as some observers had suggested, 
an automatic indication for the termination of pregnancy. 

Ober, Horton and Feemster of Massachusetts”, sent questionnaires to about 
3,000 women in the age group 17-49 who had been notified as having had 
rubella in 1943. Replies revealed that 49 women were pregnant at the time of 
infection; other methods produced five more cases. The stage in pregnancy when 
infection had occurred was stated in 52 cases. Of 22 first trimester cases, there 
were six abortions or still births, five defective and eleven normal children; of 
the 30 cases in which rubella had occurred later than the third month of preg- 
nancy there were three abortions or still births, two defective and 25 normal 
children. 

Aycock and Ingalls of Boston, Mass. U.S.A.”, using the same method as 
Fox and Bortin, investigated 1,300 rubella cases notified to the Board of Health 
in two Massachusetts communities and found four cases of rubella occurring 
during pregnancy. In two, infection was in the second month, one baby was 
normal and one was mentally retarded. In the others infection occurred in the 
foorth month and the ninth month — both babies were normal. They also followed 
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up 131 cases of poliomyelitis during pregnancy (27 in the first three months) — 92 
of the children bom were normal ; 33 pregnancies ended in abortion or still birth 
(13 where poliomyelitis had occurred during the first three months of pregnancy) ; 
three children had poliomyelitis; another child was “lame”; and two had 
congenital malformations. In both of these last two cases the attack of polio- 
myelitis had been in the first three months of pregnancy. 

Gronvall and Selander, (Sweden)^", collected data about the effect on the 
foetus of certain virus diseases, including rubella in pregnancy. 

Women were questioned as to whether and when they had virus infections 
during pregnancy and 26 reported that they had rubella during pregnancy. 
Of these 26 mothers, two aborted in the first and third months of pregnancy 
when rubella occurred. The child of one mother who had rubella during fourth 
month died during delivery but had no malformation. The remaining 23 mothers 
produced 25 children, including two twin births, only one of whom was abnormal 
in having a naevus pigmentosus, (rubella at the fifth month). 

The times of infection during pregnancy in the cases of the 24 normal children 
were; two in first month, five in second month, four in third month, six in 
fourth month, three in fifth month, two in sixth month, one in seventh month 
and one in ninth month. 

Fox, Krumbiegel, and Teresi” investigated six cases of maternal measles (one 
in the first three months of pregnancy), 23 cases of mumps (six in the first three 
months), and four cases of chicken-pox (one in the first three months). Only one 
child had a congenital malformation, hare-lip, following maternal measles in the 
fourth month of pregnancy. A control series was also studied consisting ol 665 
children born to 297 women who had had one of these three infectious diseases 
in 1942-5 before or after but not during pregnancy. Six cases of congenital 
malformations were discovered in the control series. 

Packer'* reviewed the literature relating to the influence of maternal measles 
(morbilli) on the foetus and reported the results of a postal enquiry that he 
conducted in South Australia into the outcome of pregnancies complicated by 
mea.sles. There were seven pregnancies in which measles had occurred during 
the first three months of pregnancy, and these gave rise to one abortion and 
two live-born children with congenital malformations. The remaindei were 
normal. Eleven other pregnancies in which measles had occurred after the first 
three months of pregnancy resulted in one abortion and one still birth, the others 
being normal. 

In England, Bradford Hill and Galloway", used National Health Insurance 
Records of employed women to pin-point cases of virus infection followed by 
maternity during the course of the next twelve months. Twenty-two complicated 
pregnancies, ten with rubella, were found and the children were subsequently 
examined. The authors concluded that although no information of value could 
be deduced from such small numbers, the method employed was satisfactory 
and the investigations would continue on a larger scale. Further results published 
in 1958 are mentioned later in this chapter. 

It is generally accepted that the prospective rather than the retrospective type 
of enquiry gives a more accurate measure of the effect of rubella upon the foetus. 
It shows that on occasion the foetus might be damaged causing either abortion, 
still birth or a malformed child. On the other hand there might be no foetal 
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damage and a normal child be born. But many prospective enquiries can also 
have limitations. Rubella in adult life is uncommon and the double event of an 
attack during a pregnancy is even less frequent. Moreover, many of the pros- 
pective studies relied on post-natal enquiries about the maternal history. 
Although a start was made with the pregnant women who had suffered from 
rubella the child was already born when enquiries began and the outcome was 
known. A more satisfactory type of true prospective study would start with a 
pregnant woman who has an attack of rubella and is then kept under observation 
until pregnancy terminates, the child being examined and thereafter kept under 
observation for some years. The actual risks involved when rubella occurs 
during pregnancy can only be estimated by comparing the outcome of preg- 
nancies complicated by rubella with the outcome of uncomplicated pregnancies 
and this entails the observation of a suitably matched control series of pregnant 
women. 

The investigation which is being described in this report was devised to 
overcome the deficiency of numbers of cases observed in previous prospective 
studies and also to provide a control series of pregnancies in wiiich rubella had 
not occurred. Since its inception in 1950 the results of several other prospective 
studies have been published. 

Brown and Nathan‘S® published a report of such a study. The city of Man- 
chester, the only area in England and Wales in which rubella is a notifiable 
disease, experienced its largest recorded epidemic of rubella in 1952 and 28 
cases of rubella at various stages of pregnancy were discovered. (At least six 
of these cases arc included in the Ministry of Health investigation). Jn this series 
there were five cases of gross abnormality in the children, two of whom were 
still-born. In addition there was one carneous mole. The proportloir of live-born 
children in Manchester in 1952 known to have congenital abnormality was two 
pej‘ cent. 

Lundstrom-^ recorded tlie eifects of a 1951 rubella epidemic in Sweden on 
the pregnancies of women who contracted or were in contact with rubella. The 
staff of maternity hospitals were asked to question all women delivered in them 
regarding rubella infection during the current pregnancy. A control series was 
selected from the w'omcn whose case numbers immediately preceded those of 
selected rubella cases. 

From a series of 1,067 rubella cases it was found that when rubella occurred 
during the first four months of pregnancy the incidence of abnormality which 
included still birth, neonatal deaths, abnonnalities and prematurity was 17 per 
cent compared with six per cent in the control series. 

A higher incidence of abnormality was also found amongst women who had 
earlier suflered from rubella and had been exposed to infection during tJie first 
four months of the current pregnancy but had not contracted the disease. 

Infection after the fifth month of pregnancy had no ill effects. 

Brawner**^ reported that during a mild epidemic in Georgia in 1952, 26 cases 
of rubella in pregnancy were discovered. Therapeutic abortion was carried out 
in four cases and the remaining 22 were followed to the end of gestation. Of 
15 first trimester rubella cases there were one still birth, four malformed children 
(malformation of heart, cleft palate and cataract) and 10 normal children. 
The outcome in 33 per cent of these cases was therefore abnormal. When 
rubella had occurred later in pregnancy there were no major abnormalities. 
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Lamy and Seror^^, following an epidemic of rubella in Paris in 1953 sent 
questionnaires to 1 10,964 women whose pregnancies had been registered at that 
time. It was found that of 48 women who had rubella during the first four months 
of pregnancy six aborted, and 24 had congenitally malformed infants. Of those 
who Itad rubella during the first seven weeks of pregnancy, 24 in number, four 
aborted, 19 had defective children and only one had a normal child. From a 
control group of 571 pregnancies there were eight abortion.s, 14 infant deaths, 
one defective child and 548 normal children. 

Pitt of Melbourne'*^ criticised the early Australian estimates of the risk of 
rubella during pregnancy. They were, he considered, exaggerated and were 
higher than any suggested by workers in other countries. In his paper he describes 
a prospective enquiry organised and now being carried out by the Department 
of Obstetrics and Gynaecology of the University of Melbourne. Doctors notify 
the Department immediately rubella is diagnosed in a pregnant woman. The 
diagnosis is confirmed by second opinion. Thereafter observation of the case 
continues until the child’s follow up investigation is completed. He also reviews 
20 cases of rubella in pregnahcy found over the last eight years in the antenatal 
department of the Royal Women’s Hospital, Melbourne. Of 14 children born 
to mothers who had rubella before the fourth month three had major malfor- 
mations: (a) bilateral cataract and microcephaly, (b) megalocornea and heart 
lesion, (e) cardiac defect. In conclusion he suggests that the true rubella malfor- 
mation rate is somewhere between 10 per cent and 25 per cent. 

Ingalls®® collected from his own and other observers’ studies, 100 cases of 
pregnancies which had been followed up to delivery after a rubella infection 
had been reported. Sixty-three of the rubella infections occurred in the first 
trimester: four children were still-born and ten had a congenital defect. Twenty- 
eight pregnancies in which rubella had occurred in the second trimester yielded 
two still births and four defective children and nine third trimester pregnancies 
produced no still births and no defective children. 

Greenberg, Pellitteri and Barton®' describe an investigation which began in 
1949 in New York City. In the following seven years 233 women who had 
rubella during pregnancy were followed up to delivery and live children were 
examined at birth and one year later. Of 103 first trimester rubella pregnancies 
48 were terminated by therapeutic abortions, 45 of them because of rubella, 
and 10 were lost sight of. In the remaining 45 there were 28 normal births, 
12 miscarriages, three still births and three malformed children: twins had 
bilateral cataracts and congenital heart disease and another child had bilateral 
cataracts and microphthalmus. The mothers of the malformed children had had 
rubella during the fourth week of pregnancy. Of 89 second trimester rubella 
pregnancies four were therapeutically aborted and seven were lost sight of. 
Of the remaining 78 there were 74 normal births, one miscarriage, two still births 
and one malformed child, who died after 36 hours with Fallot s tetralogy, 
rubella had been in the 14th week of pregnancy. Three of the 31 third trimester 
infection cases were lost sight of. Of the 28 remaining, 27 mothers had normal 
children and one had a still birth. 

By adding their results to those of the other prospective investigations the 
authors found that of 125 first trimester infections there were nine still births 
and 15 defective children; of 130 second trimester infections there were six 
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